Summary.
Microtubules were identified in the subsarcolemmal area of smooth muscle cell in the taenia coli of guinea-pigs.
They may traverse myofibrils but more frequently they run parallel with the long axis of the cell.
The microtubules were often in contact with sarcolemmal caveolae.
A caveola appeared to contact with an end of a microtubule or with the outer membrane of a mitochondrion.
Occasionally a long mitochondrion was located between two evaginations of sarcolemma. The direct contact of caveolae with a mitochondrion was typical in such long mitochondria. Granular and agranular sarcoplasmic reticulum (SR) were also in the vicinity of mitochondria.
The SR was in contact with mitochondria and also with vesicles. Subsarcolemmal mitochondria were often in continuity with agranular SR or invaginations of sarcolemma. Low evaginations of sarcolemma appeared to be a cell contact device but nexas-like interdigitations,
protrusions from the dark cell into the light cell, were also evident. These morphological findings may suggest a potential network of transport or conductance in this type of smooth muscle.
Microtubules
have been localized in a variety of tissues and their function has been attributed to an intracellular transport channel, intracellular skeletal system and others (SANDBORN et al., 1967; DUPRAW, 1968) . The continuity of cell organelles with microtubules has been supposed to represent morphological evidence of intracellular channels for transport of substance within or along with microtubules. However, microtubules have not been well documented in smooth muscle of any type so far published and their continuity to other organelles in smooth muscle cells has probably never been mentioned. This report will describe the connection of microtubules and sarcolemmal caveolae in the taenia coli of guinea-pigs. In addition, a close association of the caveolae with the mitochondria and also contact of the mitochondria with agranular and granular SR will be mentioned.
Materials and Methods
Mature male guinea pigs, average body weight 350g, were used for this study. Under ether anaesthesia, the abdomen was opened and glutaraldehyde solution was directly introduced on a part of taenia coli in situ. Strips of taenia coli were then carefully dissected.
Most preparations in this study were contracted because the muscles showed coiled shortening.
The fixative was composed of 0.1M cacodylate buffer at pH 7.4, 4% glutaraldehyde, 5% DMSO and 0.05% CaCl2. The strips were *Supported by a grant from the Ministry of Education. cut into very small pieces with razor blades and fixation was continued for 2hrs in the cold glutaraldehyde solution.
The pieces of smooth muscle were thoroughly washed with several changes of cold buffer and then post-fixed in 2% buffered osmium tetraoxide and embedded in Spurr resin.
Sections were stained with lead citrate and uranyl acetate solutions and examined with electron microscopes (Hitachi-8S, JEOL 100C).
Results
Not a few microtubules were found in the taenia coli of the guinea-pigs. Some were running transversely across the bundle of myofibrils.
The ends of microtubules appeared to open into caveolae of the sarcolemma (Fig. 1) . More frequently microtubules were in subsarcolemmal spaces running in parallel with the long axis of the cell, namely with the bundle of myofibrils.
They were also in contact with the caveolae (Fig. 2, 3 ). Microtubules running in parallel with myofibrils were not always in the subsarcolemmal space but could be in the midst of the myofibrils (Fig.  2) . Occasionally microtubules were branched and near caveolae appeared to contact with the side, not the end, of a microtubule (Fig. 3) . Cross-sectioned microtubules were conspicuous in the peripheral zone of the muscle cell (Fig. 4) . Close association of caveolae with mitochondria was also conspicuous in taenia coli. Particularly when a long mitochondrion was localized between two evaginations of sarcolemma a number of caveolae were attached to the surface of the mitochondrion (Fig. 5) .
The tubular extension of the outer mitochondrial membrane or SR itself frequently approached close to the sarcolemma or its invaginations (Fig. 6) . Granular SR was also in close contact with mitochondria (Fig. 7) .
Contact of adjacent cells was associated with modifications of cell surfaces. Low invaginations of sarcolemma (Fig. 5) , dense zones (Fig. 4) and protrusions (Fig. 7 ) might serve as contact devices.
Especially protrusions from the dark cell into the light cell tightly connected the two types of cells. It was noticed that the tip of the protrusions was covered with a dense zone to which microfilaments were radially attached from the light cell side. The rest of the surface of the protrusions was provided with caveolae or dark zones (Fig. 7) .
All of these findings were indicative of a possible transportation system between caveolae and mitochondria either with direct contact or via microtubular and SR tubule interconnections. Connection of cell organelles has been reported in a variety of cells (WALKER and SCHRODT, 1966; BRACKER and GROVE 1971; MORRE et al., 1971; MAKITA et al., 1974; and many others) . Continuity of microtubules with other cell organelles, as reviewed by TILNEY (1971) , in particular has been interpreted as an intracellular transport system (SANDBORN and MAKITA, 1970; SMITH, 1971 ). Reviews of microtubules (OLMSTED and BORISY, 1973; BARDELE, 1973) did not refer to smooth muscle and reviews of smooth muscle seldom mentioned microtubules (PROSSER, 1974) . BURNSTOCK (1970) only briefly mentioned microtubules in smooth muscle cells. Of a number of electron microscope studies of smooth muscles, cross-sectioned microtubules were demonstrated in the mouse jejunum (LANE, 1965) and in the taenia coli of guinea pigs (RICE et al., 1970) . Microtubules have been described in avian vascular muscle (BUSSOW and WULFHENKEL, 1972) and also in the vascular muscle of the rabbit (DEVINE et al., 1972) .
Continuity of microtubules with caveolae of sarcolemma of smooth muscle cells has not been mentioned so far in these reports and its function remains to be elucidated.
Probably it may be involved in some way with calcium transport in the Notice that agranular SR process of excitation-contraction mechanism. The close relationship between caveolae and mitochondria has been recognized by several investigators (MAKITA and KIWAKI, 1966; BOWMAN, 1967; DEVINE et al., 1973; WOOTON and GOODFORD, 1975) . GABELLA (1971 GABELLA ( , 1973 described the close association of caveolae with SR and sarcolemma but not being in continuity with them. DEVINE et al. (1973) also demonstrated that the peripheral SR tubules formed a fenestrated network around the abundant caveolae.
Besides such a close association of SR with caveolae the contact of SR tubules with mitochondria, as described in skeletal muscle (WALKER and SCHRODT, 1966) , was repeatedly encountered in this study (Fig.  6, 7) . HUDDART (1975) described three systems involved in the calcium activation process; 1) the mitochondrion-vesicle, 2) the SR tubule-sarcolemma, and 3) SR tubulevesicle systems.
We would like to add one more system; 4) the microtubule-vesicle (caveola) system.
As illustrated in Figures 4, 6 and 7, there were two types of cells in the taenia coli; the dark and light cells. The dark cells were predominant.
We are not sure if this difference in appearance could be related to the contraction of smooth muscle or was entirely due to specimen preparation. BURNSTOCK (1970) briefly reviewed this subject. Intrusions from the dark to the light cell were common findings (Fig.  7) . The nexas in the taenia coli of guinea pigs was denied by GABELLA (1976) while freeze-etching studies (WATANABE and YAMAMOTO, 1974; GEISWEID and WERMBTER, 1974) and an electron microscope study of thin sections (NISHIHARA, 1970) confirmed the existence of nexas. This report also supports the protrusion type of nexas in taenia coli.
Besides the nexas the low evaginations of sarcolemma were frequently seen about the surface of two adjacent cells where they approached. FAY and DELISE (1973) correlated the evaginations to the contraction of isolated smooth muscle cells. Puplished electron micrographs of taenia coli of guinea-pigs also showed the evaginations (KELLY and RICE, 1969; COOKE and FAY, 1972; GOODFORD and WOLOWYK, 1972; POPESCU et al., 1974; RILEY, 1977) . Judging from the arrangement of myofibrils the evaginations reported in this study seem not to be caused by contraction of the cell. Acknowledgement. Dr. G. M. JEFFREE of the University of Bristol kindly read this manuscript and made helpful suggestiones.
